Neurosurgeons are well-acquainted with ADPKD because of the propensity of affected persons to develop intracranial aneurysms. 15, 32, 35 Recently, intracranial arachnoid cysts 3, 40 and pineal cysts 1 have also been reported to be associated with ADPKD. In the present study, we investigated the prevalence of intracranial cysts among patients with ADPKD who were screened for the presence of an intracranial aneurysm.
Clinical Material and Methods
The study population consisted of a consecutive group of patients with ADPKD who underwent noninvasive screening for intracranial aneurysms at our institution between 1985 and 1993. Patients were examined with highresolution computerized tomography (CT) or with magnetic resonance (MR) imaging on a 1.5 tesla unit (including MR angiography (MRA) sequences since 1989). All scans were read by a staff neuroradiologist. The medical records were available for all patients and these were reviewed. Some of these patients have been reported previously. 15, 40 A control group matched for sex, age, method of imaging, and year of imaging was selected from a computerized dataset of all patients undergoing MR imaging or CT in the Department of Diagnostic Radiology. Differences in the frequency of intracranial pathological findings between patients and control subjects were assessed using Fisher's exact test.
Results
In total, 247 patients with ADPKD underwent CT (67 cases) or MR imaging (180 cases, including MRA in 139). The mean age of these 151 women and 96 men was 44 years (range 13-72 years). Associated polycystic liver dis- ߜ Autosomal dominant polycystic kidney disease (ADPKD) is a systemic disorder well known for its association with intracranial aneurysms. A series of patients with ADPKD who were screened for the presence of an intracranial aneurysm were reviewed and found to include an unexpectedly high number with intracranial arachnoid cysts.
Among 247 patients with ADPKD who underwent magnetic resonance imaging (180 cases) or high-resolution contrastenhanced computerized tomography (67 cases), there were 151 women and 96 men with a mean age of 44 years. Intracranial arachnoid cysts were found in 20 patients (8.1%) with ADPKD compared to two (0.8%) in a control group without ADPKD matched for age, sex, and method of imaging (p Ͻ 0.0001). Multiple intracranial arachnoid cysts were found in two patients. Polycystic liver disease was present in 17 (85.0%) of the 20 patients with intracranial arachnoid cysts compared to 119 (52.4%) of the 227 patients without (p Ͻ 0.004). Pineal cysts were found in two patients (0.8%) and choroid plexus cysts were found in three patients (1.2%) but this was not different from the control population. None of the intracranial cysts was symptomatic and none was treated surgically.
Intracranial arachnoid cysts are a relatively frequent incidental finding in patients with ADPKD, providing further support for the systemic nature of this disease. In the authors' experience with approximately 1500 patients with ADPKD, no complication has been encountered from an intracranial arachnoid cyst, suggesting that asymptomatic intracranial arachnoid cysts in patients with ADPKD require no treatment.
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A ease was present in 136 patients (55.1%). Intracranial aneurysms were detected in 15 (10.8%) of the 139 patients who had undergone MRA.
Intracranial Arachnoid Cysts
Intracranial arachnoid cysts were detected in 20 (8.1%) of the 247 patients with ADPKD compared to two (0.8%) of the 247 controls (p Ͻ 0.0001) ( Table 1 ). The age, sex, and anatomical location of the arachnoid cysts in these 20 patients with ADPKD are shown in Table 2 . The mean age of the 15 women and five men was 45 years (range 17-56 years). Two patients had multiple intracranial arachnoid cysts. The intracranial arachnoid cysts were believed to be asymptomatic in all patients and none underwent surgical treatment of the arachnoid cyst. In three patients, CT or MR imaging was repeated 12, 16, and 51 months following the initial study, respectively, and no change in the size or configuration of the cyst was demonstrated.
The clinical characteristics of ADPKD patients with an intracranial arachnoid cyst were compared to those without an intracranial arachnoid cyst and there were no significant differences in the age or sex distribution or, for the subgroup who had undergone MRA, in the frequency of intracranial aneurysms. Polycystic liver disease, however, was found in 17 (85.0%) of the 20 patients with intracranial arachnoid cysts but in only 119 (52.4%) of the 227 patients without intracranial arachnoid cysts (p Ͻ 0.004) ( Table 3) .
Pineal and Choroid Plexus Cysts
Pineal cysts were detected in two patients (0.8%) with ADPKD and choroid plexus cysts in three patients (1.2%) with ADPKD. This was not statistically different from the control population (Table 1) .
Discussion
In previous studies on the radiographic frequency of intracranial aneurysms in patients with ADPKD, it had been noted that the presence of an intracranial arachnoid cyst was a relatively common finding. 32, 40 In the current study of a large number of patients with ADPKD, intracranial arachnoid cysts were detected in 8% compared to 0.8% in a control population. The frequency of intracranial cysts in our control population correlates well with that in previous autopsy and radiographic studies in which such cysts have been reported as an incidental finding in 0.5% to 1% of the population. 24, 27 Intracranial aneurysms have been found to be particularly common in patients with ADPKD who have a family history of intracranial aneurysms and possibly in those with severe polycystic liver disease. 15, 32, 36 In the present study, we also found an association between the presence of polycystic liver disease and arachnoid cysts, suggesting an increased risk for harboring an arachnoid cyst in patients with severe expression of ADPKD. We found no correlation between intracranial aneurysms and the presence of arachnoid cysts, but the number of patients with intracranial aneurysms was relatively small, which prevented us from drawing definite conclusions. Because arachnoid cysts are usually asymptomatic and only a few families were screened in our study, no statements can be made regarding the possibility of familial clustering of intracranial arachnoid cysts in ADPKD.
Autosomal Dominant Polycystic Kidney Disease as a Systemic Disorder
Autosomal dominant polycystic kidney disease is a systemic disorder and cysts are not limited to the kidney (or arachnoid), but may be found throughout the body, including the liver, spleen, pancreas, testes, seminal vesicles, and ovaries. 9 Intracranial aneurysms, the most wellknown and life-threatening complication of ADPKD, are found in approximately 10% of asymptomatic patients. 15, 32 Other cardiovascular manifestations of ADPKD include mitral valve prolapse, 14, 21 atrial septal aneurysm, 42 coronary artery aneurysms, 2,39 aortic root dilation, 14,21 aortic dissection, 16, 38 aortic aneurysms, 16 and cervicocephalic arterial dissection. 12, 18, 19, 38 Colonic diverticula and inguinal hernias are also relatively common features of ADPKD. 9, 33 In view of the systemic manifestations of ADPKD involving a wide variety of connective tissues, it has been suggested that an alteration of the extracellular matrix may be crucial in the pathogenesis of the disease. 9 
Arachnoid Cysts
Arachnoid cysts are collections of cerebrospinal fluid (CSF) covered by a thin membrane that is continuous with the normal surrounding arachnoid. 8, 27 This membrane consists of arachnoid cells and collagen fibers in the extracellular matrix. 29, 30 Although their precise causative mechanisms are unknown, arachnoid cysts are now generally accepted to be developmental anomalies of the arachnoid. Previous theories that these cysts develop to compensate for loss of intracranial volume due to primary agenesis of adjacent brain structures have become less popular. Intracranial arachnoid cysts have previously been associated with such inheritable connective tissue disorders as Marfan's syndrome 31, 43 and neurofibromatosis type 1, 5,23 as well as generalized connective tissue disorders of uncertain type. 34 Similarly, arachnoid cysts may be a manifestation of the underlying defect of the extracellular matrix in ADPKD.
The natural history of intracranial arachnoid cysts is variable. Some arachnoid cysts enlarge, most of them probably remain stable throughout life and rarely do they resolve. 4, 8, 25, 27 It has been postulated that cyst growth may occur because of a ball-valve mechanism between the cyst and the subarachnoid space allowing CSF to enter the cyst but not to escape, whereas others have suggested that cysts may enlarge as a result of active fluid secretion by the cells lining the wall of the cyst. 8, 10, 25, 27 Thus, in contrast to the renal and hepatic cysts seen in patients with ADPKD, which are acquired lesions that invariably show progressive growth, 9 intracranial arachnoid cysts are believed to be congenital in nature and most do not enlarge over time.
The treatment of intracranial arachnoid cysts remains somewhat controversial. Although most neurosurgeons would not recommend treatment of asymptomatic intracranial arachnoid cysts, 8, 27 others have advocated treatment for asymptomatic cysts to prevent future complications 6,13 such as subdural hematomas or intracystic hemorrhage. Regular radiographic follow-up monitoring of intracranial arachnoid cysts and initiation of treatment once cyst growth is documented have also been advocated. All intracranial arachnoid cysts in our patients with ADPKD were asymptomatic and, in our experience with approximately 1500 patients with ADPKD seen at the Mayo Clinic since 1976, we have never encountered a complication from an intracranial arachnoid cyst. Therefore, asymptomatic intracranial arachnoid cysts associated with ADPKD appear not to require treatment and the need for routine radiographic follow-up review is questionable.
Pineal and Choroid Plexus Cysts
In the present study, pineal cysts and choroid plexus cysts were each found in approximately 1% of patients with ADPKD. This was not statistically different from the control population, although the number of patients is relatively small (increasing the chance of a type II statistical error). In previous studies, however, pineal cysts have been an incidental finding on MR imaging in 1% to 4% of the population 11, 20, 22 and (often microscopic) choroid plexus cysts may be detected in at least 50% of unselected autopsy populations. 37 
